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Research supported by this grant involved theoretical investigations of the
multifrequency nonthermal emission from the relativistic jets in blazars, which are
quasars and related objects with highly variable brightness. Graduate students
Markos Georganopoulos (PhD in 1999), Matthew Lister (PhD in 1999), and Andrei
Sokolov (now a 2nd-year graduate student), worked on the project along with me. Dr.
Lister is now a Jansky postdoctoral research fellow at the National Radio Astronomy
Observatory, following a two-year postdoctoral research appointment at the Jet
Propulsion Laboratory. Dr. Georganopoulos will soon finish a two-year postdoctoral
research position at the Max-Plank-Institut fiir Kernphysik in Heidelberg, Germany,
after which he will become a NAS/NRC Resident Research Associate at NASA
Goddard Space Flight Center.

In the initial stage of the project, one-dimensional, conical (i.e., spherical
symmetry between the jet axis and surface is assumed) jet models were used to
explain the multiwaveband spectra and variability of blazars. The results were applied
to two flares observed in the object PKS 2155—304, leading to the conclusion that the
distinct differences in the observed characteristics of the two flares can be explained
with the same jet model if two different physical parameters (the magnetic field in the
first flare and the efficiency of acceleration of electrons to high energies in the second)
varied.

The range of multiwaveband spectra of BL Lac objects was explained as a
manifestation of relativistic beaming combined with a Gaussian distribution of values
of key physical parameters (e.g., magnetic field), self-similar scaling laws of jets, and
radiative energy losses of the electrons. This unification of BL Lac objects explains
also the previously puzzling observation that the equivalent widths of emission lines
decreases as one considers sources with lower bolometric luminosities.

A new significant result from the funded research is that there is a time delay
between a synchrotron and synchrotron self-Compton(SSC) flare. This results from
the extra time it takes for the synchrotron photons to reach the scattering electrons,
whereas the synchrotron photons travel directly to the observer. The effect only
occurs for regions of the jet that are pointing within about 2° of the line of sight, as is
the case for the most active blazars. Another finding is that light curves whose profiles
are determined by light-travel time delays do not produce symmetric exponential
rises and decays characteristic of the majority of observed X-ray flares. This suggests
that either the emission regions have exponential magnetic field and/or density
distributions or, more likely, that there is an important effect that has not yet been
included in existing models for blazar emission. We think that the best explanation
is that X-ray flares are caused mainly by the passage of a propagating shock wave
through a standing shock.

Another significant result, obtained in collaboration with Dr. Ian McHardy (U.
of Southampton, England), relates directly to the correlation of X-ray variations with
changes in the brightness of the radio, infrared, and optical synchrotron emission.

We found that synchrotron “seed” photons from each decade of frequency in the
range of (very roughly) 1010-101% Hz contribute equally to the scattered X-ray flux.



However, the synchrotron photons are not exactly co-spatial (the higher frequency
emission comes from smaller regions), hence the X-ray variations correlate with
brightness changes across only a fraction of the above frequency range. This explains
the otherwise puzzling on and off nature of multifrequency light-curve correlations.

In comparing our theoretical results with multifrequency light curves and times
of appearance of new superluminal knots in the radio-emitting portions of the jets
(observed by the PI and collaborators with the VLBA), we find that the X-ray and
~4-ray emission in blazars arises in the radio-emitting portion of the jet, not closer
to the “central engine,” as had been supposed previously based on short variability
timescales. The rapid variability is then explained as a dual consequence of extreme
relativistic beaming in the most active blazars and the concentration of high-frequency
emission in localized regions where the particle acceleration is most efficient.

There were no inventions under this grant.
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